INTRODUCTION
The turbulent exchange of momentum, mass, and heat in the vicinity of a boundary is encountered in many engineering processes. It is well established (8, 11, 22) that in the vicinity of a boundary the turbulent exchange of momentum, mass, and heat is governed not only by molecular motion but also by an eddy motion. To predict rates of mass and heat transfer between a moving fluid and a wall it is therefore essential to understand the mechanism of eddy motion in the vicinity of a wall. Unfortunately very little is known about the distribution of eddies very close to the wall. In the past, due to the absence of both theoretical analyses and experimental data for the region close to the wall, a number of empirical expressions have been proposed for eddyviscosity distributions near a wall. An excellent review of several such existing correlations for fully developed turbulent flow in a pipe with constant fluid properties has been presented by Sherwood (22) .
Recently Wasan, Tien, and Wilke (26) pointed out that most of the proposed eddy-viscosity distributions do not satisfy the theoretical criterion which states that the turbulent contribution to Reynolds stress uv near the wall is proportional to yn where n is not less than three. This criterion was first derived by Townsend (24) . Also,-all the previous analyses a:te based on the concept of three sharply defined fluid layers, namely laminar sublayer, buffer, and turbulent layers.,-However, according to these -2-UCRL-10556 authors (26) , and also Gowariker (9) , this concept of'three different fluid layers leads to an unrealistic discontinuity in the value of the eddy-viscosity function with respect to that obtained from logarithmic distribution in the turbulent core. Rannie (21) and Sleicher (23) in their analyses avoided this point of discontinuity, but the eddy-viscosity functions of both of these authors do not give satisfactory relationships for analogy expressions for heat and mass-transfer rates for systems with high Schmidt or Prandtl numbers. From velocity-variation data and from turbulent shear-stress data of Laufer ( 16) it is evident that the degree of turbulence in the moving fluid varies continuously from the wall to the axis of a pipe. Hence, the concept of three .distinct fluid layers would appear to be incorrect.
By using the equations of mean motion and the well established empirical logarithmic velocity distribution in the turbulent core, Wasan, ( 1) and (2) 
-3-UCRL-10556 numbers based on these distributions. The corresponding concentration and temperature distributions for the wall region of pipe flow are also presented.
ANALYSIS
Consider a fully developed turbulent flow of fluid with constant properties in a pipe having walls kept at a constant concentration CW or at a constant temperature T w· Mass or heat is transferred to the fluid stream both by molecular and by eddy motions. As is customary, the shear stress, mass-transfer, and heat-transfer fluxes can be written as the sum of molecular and turbulent £luxes as follows:
and
where 'T is the shear stress at a plane parallel to the wall, N A is the mass flux, and q is the heat flux across a plane parallel to the wall. " diffusivity D and thermal: conductivity k can be neglected. Third, in the .case of mass transfer the interfaCial velocity is assumed to be negligible.
The last important assumption is that eddy diffusivities of momentum ev'
.mass e d and heat e c are equal. Now, by combinations of Equations (3) and ( In the wall region Equation (4 ) can be rewritten as
Integration of Equation (8) gives But the mass flux NAW at the wall can be given by the expression NAW = k ( C -C W) . c avg ( 11) Hence, from.Equations (10) 
Similarly the temperature distribution is obtained as
Equations ( 14 ), (15 ), and ( 16) Equations (13) ancl (15) involve the integrals which cannot be solved in closed forms~ These were obtained by numerical integration using Simpson's one--third rule with a digital computer. These functions are shown in Table I for Sc or Pr numbers over a range of 0. 1 to 10, 000.
DISCUSSION
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l + -v£12 To calculate mass-and heat-transfer rates, simplified equations in the form of Equations ( 1 7), (18),. and ( 19) can be used to predict the complicated functions F(Sc) and F(Pr). Also, simplified equations in the form of
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